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Introduction
A fall is defined as ''an event which results in a person coming to rest inadvertently on the ground or floor or other lower level and other than as a consequence of such things as: sustaining a violent blow; loss of consciousness; sudden onset of paralysis; or an epileptic seizure''. 1 Falls in older people are a challenge to international health systems, since falls can lead to fractures, fear of falling, reduced quality of life, institutionalization, hospitalization and death. 2 People with cognitive impairment experience falls up to two times greater than older people with preserved cognition often resulting in more serious consequences. 2, 3 Although reasons for the higher prevalence of falls are still not clear, neurodegenerative changes in mild cognitive impairment (MCI) and dementia result in cognitive, physiological and functional deficits, which contribute to risk of falls. 4 Furthermore, cognitive deficits in older adults with MCI and Alzheimer's disease (AD) may increase risk of falls because of changes in executive functions and ability to solve problems, to make decisions and to perform simultaneous tasks. 4, 5 The screening for risk of falls in older adults with cognitive impairment is needed to better prevent falls. Among several tools, dual-task tests have been used to predict falls in older people with preserved cognition 6, 7 and cognitive impairment. 4 In dual-task situations, individuals who prioritize the secondary cognitive task seem to show increased risk of falls during walking. 6 Although dual-task tests are promising for screening falls, 6 ---8 there is a lack of prospective longitudinal studies assessing prediction of falls in people with MCI and separately in people with AD in its mild stage. New dual-task tests which are composed of walking while performing a motor-cognitive task (calling a phone number in this case) were used to assess mobility in older people without cognitive impairment, 9 with MCI or mild AD. 10 In this sense, the use of a dual-task tool (walking with a challenging and daily secondary task), which involves executive functions, could facilitate the screening for risk of falls in older people with MCI or mild AD. Also, different measures might involve specific neural areas and cognitive functions. Thus, it is important to use measures other than time when assessing dual-task tests. 11 The purpose of this prospective cohort study was to verify whether a motor-cognitive dual-task test could predict falls in community-dwelling older people with MCI or mild AD and to establish cutoff scores for the tool applied in each group. We hypothesized that the dualtask test would predict falls in older adults with MCI and mild AD, since it required greater cognitive and motor interaction and it approached to real situations of falls.
Methods

Study design and setting
This study was a 6-month prospective cohort study at the Universidade Federal de São Carlos (São Carlos-SP, Brazil) from 2015 through 2016.
Participants
Community-dwelling people aged 60 and over who lived in São Carlos (Brazil) were eligible for the study. Inclusion criteria were the ability to walk at least 10 m alone without a walking aid, availability to participate in the proposed assessments, and admission to one of the groups studied (MCI or mild stage AD). Exclusion criteria were motor sequel after stroke, mixed dementia and other types of dementia without being AD, other neurological diseases that interfered in cognition or mobility, severe uncorrected visual or auditory disorders, and people with AD in moderate or advanced stages.
The diagnosis of MCI or mild AD was confirmed by an experienced neurology professor. Criteria for diagnosis of MCI were: (1) cognitive complaint reported by the volunteer or a care giver (i.e., a person who stayed with the volunteer subject at least half a day, four days per week); (2) objective cognitive impairment not related to delirium (i.e., Clinical Dementia Rating Scale-CDR = 0.5 point) 12 ; (3) normal global cognitive function for educational level 13 achieved; (4) preserved functionality 14 ; and, (5) absence of clinical dementia. 15 The diagnosis of AD followed the Diagnosis and Statistical Manual of Mental Disorders (DSM-V TR), 15 and only individuals with CDR = 1 (mild stage) were included in the AD Group. 12 The study was carried out in accordance with the Declaration of Helsinki. Ethical approval was obtained from the Universidade Federal de São Carlos (São Carlos-SP, Brazil) (819.668/2014). All participants were informed about the research objectives, risks and benefits and they provided a written informed consent.
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Measurement
All participants were instructed to wear comfortable clothing and their usual closed shoes, to eat at least one hour prior to testing, not to practice vigorous exercises the day before the testing and to bring any necessary eyeglasses or hearing aid to the test. The tests were applied in a closed environment and all instructions were explained in a simple, clear and objective way. Clinical and sociodemographic data were collected, including age, gender, years of schooling, use of drugs, and presence of diseases, The Minnesota Leisure Time Activities Questionnaire was used for weekly caloric expenditure 16 and the Geriatric Depression Scale was used for risk of depressive symptoms.
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Dual-task
The dual-task was evaluated using the Timed Up and Go test (TUG) 18 associated with a motor-cognitive task (TUG-DT).
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Before the dual-task test, the subjects performed both tasks separately. Each test was demonstrated once by the assessor and one practice trial was performed by each subject. If the subject did not perform the practice trial correctly, one more trial was done.
For the isolated motor-cognitive task, a drawn raffled card containing a sequence of eight numbers was fixed in a wireless phone (15.1-cm high × 4.7-cm width × 2.2-cm depth; Motorola ® FOX 1000 model) and placed on a table (68.5 cm high). While seated in front of this table, the subject was instructed to pick up the phone after the command ''go'', dial the numbers on the card then place the phone on the table. The time and number of errors (incorrectly dialed number or an absence of any number being dialed) were registered after the command ''go'' and stopped when the subject placed the phone back on the table. The TUG was applied at the usual speed using a chair 45-cm high with trunk support and 68-cm-high armrests 18 and time spent doing the test was recorded. According to Alexandre et al., 18 a predictive value of 12.47 s on the TUG (sensitivity = 73.7%; specificity = 65.8%) could be used as an indicator of risk of falls in older people.
After completing both isolated tasks, the TUG-DT test was performed with a new drawn card (that contained a sequence of eight numbers) fixed on the phone. The subject was instructed to get up after the command ''go'', pick up the phone on the table (placed at 50 cm away from the chair, on the right side and parallel to the path), dial the numbers of the card while walking the TUG path, place the phone back on the table, and sit down on the chair. Total time, number of steps, errors and stops, cadence (steps/minute) and number of correct response per time ratio spent on the TUG-DT were analyzed. Also, the motor task cost and cognitive task cost were calculated, as shown in Fig. 1 . 19 All tests described above were paused and standardized instructions were given, and they were performed by a single trained assessor to maximize the consistency of the mobility assessment and to minimize possible biases in older people with varying comprehension difficulties, which were better described in the study of Ansai et al. 
Falls
After baseline assessment, each subject/care giver received a 6 month calendar of falls 20 to fill out. Also, all subjects/care givers received monthly telephone calls to ensure accurate falls data and to reinforce the definition of a fall and to encourage filling out the calendar. Each subject was classified as a faller, (i.e., a person who fell at least once during the follow-up), or non-faller based on the information provided by the subject or care giver.
Study size
The sample size was calculated by the G*Power 3.1 software. Admitting the main study design (using univariate logistic regression analysis), a type I error of 5%, a statistical power of 80%, an effect size of 0.3, and the number of predictors (1), it was determined that a minimum of 29 people should be in each group.
Statistical methods
A significance level of ˛ = 0.05 and the SPSS software (20.0) were used to analyze the data. Data normality was tested using the Kolmogorov---Smirnov test. An independent t-test and the Chi-square test were used to verify differences in sociodemographic and clinical characteristics between fallers and non-fallers in older adults with MCI or mild AD. Univariate logistic regression (adjusted for prevalence of rheumatism in the MCI Group) was applied to identify the association between variables of the dual-task test and falls follow-up for each group. Only the variables with significant association were entered into a multivariate backward stepwise logistic regression equation (adjusted for prevalence of rheumatism in the MCI Group) to predict falls. The groups were analyzed separately in the logistic regression models. The selection of variables in the multivariate model was based on the likelihood ratio test p values (0.05 for entry, 0.1 for removal). The receiver operating characteristics (ROC) curve was used to determine the cutoff score that maximized both sensitivity (i.e., how well it correctly identifies subjects with a condition of interest) and specificity (i.e., the frequency that the test is negative in the absence of a condition of interest) for the time spent on the TUG-DT and the variable that better predicted falls by the multivariate regression model. MCI Group and one subject from the AD Group died, so their data were excluded. Thus, the final sample was composed by 38 older people with MCI and 37 with mild AD.
Results
Participants
Descriptive data
Falls were reported by 20 subjects with MCI and 19 subjects with mild AD. In the MCI Group, fallers presented with a higher prevalence of osteoarthritis (50%) compared to nonfallers. Other sociodemographic and clinical variables were not significantly different between fallers and non-fallers in each group (Table 1) .
Main results
In the MCI Group, fallers spent a higher time (35.2 s), number of steps (33.7 steps) and motor task cost (116%) to perform the TUG-DT compared to non-fallers. In the AD Group, no significant difference was found in dual-task variables between fallers and non-fallers (Table 2) .
Regarding univariate predictors (adjusted for a positive diagnosis of rheumatism), falls in the MCI Group were significantly associated with higher time, increased number of steps and higher motor task cost when performing the TUG-DT (Table 3) . After the inclusion of these variables in the multivariate logistic regression model, only the number of steps was identified as an independent predictor of falls (OR [95% CI] = 1.13 [1.01---1.26]) and the model used was able to explain falls in 51.4% (positive likelihood ratio = 70%, negative likelihood ratio = 78%). A cutoff score of 23.88 seconds in TUG-DT performance had a 61% specificity and a 80% sensitivity to predict falls in the MCI Group (area under the curve = 77.2%) (Table 4) . Moreover, a number of steps higher than 29.50 had a 83% specificity and a 65% sensitivity to predict falls (area under the curve = 76.5%).
In the AD Group, no dual-task variable was able to predict falls (Table 3) . Therefore, it was not possible to establish a cutoff score for the tool applied.
Discussion
This study aimed to verify whether the TUG-DT could predict falls in community-dwelling older people with MCI or AD in the mild stage. The TUG-DT predicted falls only in MCI, with higher number of steps significantly and independently associated with falls. In accordance with the Alzheimer's Association, 21 the sample was composed of subjects aged 70---80 years old, a higher prevalence of women, and subjects using psychotropic drugs. Regarding the high prevalence of rheumatic conditions in fallers with MCI, Arnold and Faulkner 22 found that older people with rheumatic diseases, such as knee osteoarthritis, were at risk of falls due to gait disturbances. Also, radiographic incidence of knee osteoarthritis has been shown to be five times more common in older adults with MCI compared to healthy people. 23 Thus, the association between these comorbidities and MCI can increase the occurrence of falls.
In the present study, 53% MCI and 51% mild AD fell during the 6-month follow up. Taylor et al. 2 also found a high Predictor of falls in 2 groups with different cognitive profiles 5 MM ± SD, mean ± standard deviation; n (%), number of individuals (percentage); MCI, mild cognitive impairment; AD, Alzheimer's disease; TUG-DT, timed up and go dual-task test. * p < 0.05 (fallers × non-fallers in each group). Table 3 Univariate predictors of falls in older people with MCI and mild AD using dual-task and isolated motor-cognitive task measures. prevalence of falls (54%) in cognitively impaired older people during a 1-year follow up. Some deficits could explain the occurrence of falls in cognitively impaired older people, including MCI and AD, such as decreased muscle strength, increased reaction time, balance disorders, and neuropsychological factors (e.g. use of psychotropic drugs, presence of depressive symptoms). 2, 24 In the MCI Group, fallers and non-fallers presented significant differences in time, number of steps and motor task cost spent on the TUG-DT, and these variables were identified as univariate predictors of falls. Montero-Odasso et al. 7, 25 verified that older people with MCI demonstrated normal mobility in simple tasks, but they exhibited more instability and slower gait speed compared to healthy older people in dual-task situations. The worse mobility performance in dual-task activities could be related to a decline in executive functions and possible control by common specific cortical areas (i.e., prefrontal, parietal and premotor areas). Also, the authors suggested that people with MCI had an increased risk of falls when they were exposed to a cognitive challenge while walking. 7, 25 Similarly, Taylor et al. 4 assessed gait associated with a motor task of carrying a cup of water and gait associated with a cognitive task of counting backward in cognitively impaired older people. Fallers showed worse performance in the dual-task involving the cognitive secondary task compared to non-fallers, with slower gait speed, shorter stride length, and a higher support base. A time greater than 23.88 s to complete the TUG-DT predicted risk of falls in the MCI Group (sensitivity = 80%), while a number of steps (i.e., less than 29.50 steps) was able to identify people without risk of falls (specificity = 83%). Thus, it is important to use the two measures of TUG-DT to predict falls in older people with MCI. To our knowledge, other studies that assessed dual-task and falls in older adults with MCI did not establish cutoff scores for predicting falls, 7, 10 which is a strong point of the present study.
Amboni et al. 26 verified that risk of falls during dualtask activities was proportional to the degree of cognitive impairment. However, in the present study, AD fallers and non-fallers did not present differences in the TUG-DT performance and the test was not able to predict falls in the mild AD Group. In dual-task situations, the simultaneously performed tasks interfered and competed for attention and brain cortical resources, which could result to changes in one or both tasks. 25 Older people with mild AD demonstrated worse performance in a dual-task test when compared to MCI subjects, and people with preserved cognition. 10 In the present study, both AD fallers and non-fallers presented impairment in the TUG-DT performance. Falls in AD Group are linked to an interaction of multiple systems and risk of falls was associated with intrinsic and extrinsic factors linked to primary cognitive impairment, such as gait unsteadiness, variability of stride timing, executive dysfunction, and use of drugs. 5 Therefore, the mobility analysis is not able to predict falls in AD subjects, as several risk factors could have acted together to cause these events.
The findings of the present study show the importance to prevent falls even in older people with slight cognitive impairments. The TUG-DT can be used to facilitate the screening of risk of falls in older people with MCI and maybe to target interventions involving dual-task activities. Furthermore, multifactorial strategies to screen and to prevent falls is needed in older people with mild AD.
This study has some limitations, including the nonrandom sampling, the non-differentiation of MCI types due to difficult of diagnosis and recruitment, and the lack of control over the familiarization with the phone model. On the other hand, a prospective study about falls, testing and follow-up procedures was conducted and we used a common and daily secondary task. Other studies including people with MCI or AD used non-functional secondary cognitive tasks to assess risk of falls. 2, 4, 7, 27 In conclusion, community-dwelling older people with MCI (CDR = 0.5) and mild AD (CDR = 1) presented with a similar prevalence of falls. The TUG-DT test was able to differentiate MCI fallers from non-fallers, and could be useful as a screening tool for risk of falls in older people with MCI, using cutoff scores of 23.88 s and 29.50 steps. Future research with dual-task tests involving functional secondary tasks associated with other potential risk factors are needed to predict falls in older people with mild AD.
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